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INDEPENDENT SUSPENSION SYSTEM FOR 
A LOW FLOOR VEHICLE 

BACKGROUND OF THE INVENTION 

This invention relates to an independent suspension 
system, and more particularly an independent suspension 
system for a mass transit vehicle Which provides a signi? 
cantly loWer ?oor pro?le. 
Mass transit vehicles, such as trolley cars, buses, and the 

like typically have seats aligned at the lateral sides of the 
vehicle, With a central aisle and ?oor extending along the 
vehicle. In order to facilitate entering and exiting from the 
vehicle, it is desirable to have the vehicle ?oor and aisle 
positioned relatively loW to the ground. This provides faster 
cycle time if the bus stops and more comfort to all 
passengers, in special children, elderly and passengers With 
disabilities. 

Mass transit vehicles typically have several axles Which 
support, drive and steer the vehicle. Many such vehicles 
provide a rigid axle having a gear box at a longitudinal end 
to form an inverted portal axle con?guration. 
Disadvantageously, this arrangement necessarily eliminates 
the ride bene?ts of independent suspension systems. 

In other knoWn embodiments, independent suspension 
systems have been available With either a single reduction 
carrier on relatively lighter vehicles or a double reduction 
system on relatively heavier vehicles. The reduction carriers 
are located along the axle centerline in these knoWn inde 
pendent suspension systems and thus take up a signi?cant 
amount of packaging space. As these components are 
aligned along the longitudinal axis of the vehicle, the ?oor 
pro?le must be raised for a signi?cant length of the vehicle. 
Raising the ?oor pro?le in such a manner requires the 
passengers to climb up to a platform above the axle, Which 
renders that portion of the bus either inaccessible or uncom 
fortable for people With disabilities. 

Accordingly, it is desirable to provide an independent 
suspension system While maintaining a loW ?oor pro?le to 
improve access to the vehicle. 

SUMMARY OF THE INVENTION 

The instant invention includes a ?rst and second hub 
assembly supported by an independent suspension system 
Which alloW the independent articulation of each hub assem 
bly. The hub assemblies de?ne a ?rst axis substantially 
transverse to a vehicle longitudinal axis. 

In one embodiment, an input gear box is mounted directly 
to the ?rst hub gear box to provide a torque input thereto. 
The input gear box further includes a coupling extending 
therefrom to receive an input from a drive source such as 
vehicle engine. The input gearbox is mounted offset from the 
?rst axis and the vehicle longitudinal axis While simulta 
neously driving both hub assemblies. The coupling and the 
drive shaft provide input over an angular envelope com 
mensurate With the articulation range of the independent 
suspension system. 

In another embodiment, an input gear box is indepen 
dently mounted to a second pro?le segment of the vehicle 
?oor Which de?nes an aisle ?oor. The input gear box is 
mounted along the vehicle longitudinal axis offset from the 
?rst axis. The input gear box includes a coupling extending 
therefrom to receive an input as described above to drive the 
?rst and second hub gear boxes through a ?rst and second 
drive shaft. 
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2 
The instant invention thereby provides an independent 

suspension system Which increases the amount of packaging 
space available underneath the vehicle and alloWs a loWer 
vehicle ?oor pro?le for a signi?cantly greater length of the 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various features and advantages of this invention Will 
become apparent to those skilled in the art from the folloW 
ing detailed description of the currently preferred embodi 
ment. The draWings that accompany the detailed description 
can be brie?y described as folloWs: 

FIG. 1 is a cross sectional vieW of a vehicle incorporating 
the subject invention; 

FIG. 2 is another cross sectional vieW of a vehicle 
incorporating another embodiment of the subject invention; 
and 

FIG. 3 is a longitudinal vieW of a vehicle, shoWing a 
typical seating arrangement near the drive axle and the 
location of the cross-sectional vieW of FIGS. 1 and 2. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

FIG. 1 schematically illustrates a cross-sectional vieW of 
a vehicle 10 Which includes a passenger compartment 12 
de?ned by a roof 14, tWo side Walls 16, and a vehicle ?oor 
18. The cross-sectional vieW is taken transverse to the 
vehicle length. That is, substantially along the vehicle Width 
(FIG. 3). The vehicle 10 includes a multiple of passenger 
seats 20 mounted adjacent to each of the side Walls 16 With 
a center aisle 22 extending along the length of the vehicle 10 
and betWeen the seats 20. In order to facilitate entering and 
exiting the vehicle 10, it is desirable to have the vehicle ?oor 
18 and aisle 22 positioned relatively loW to the ground. 
The ?oor 18 de?ned beneath the passenger seats 20 and 

the aisle 22 preferably de?nes a ?rst pro?le segment. The 
second pro?le segment 24 de?nes the ?oor of the aisle 22 in 
the axle Zone While the third pro?le segment 26 de?nes the 
top of the Wheel box. Preferably, the ?rst pro?le segment 18 
de?nes a support for a passenger seat 20 (FIG. 3). The pro?le 
segments 18, 24, 26 further de?ne an underside 28 of the 
vehicle 10. 
A set of vehicle Wheels 30,32 are each mounted to an 

independent suspension system 34 adjacent the vehicle 
underside 28. It should be understood that vehicle 10 is 
typically provided With additional axles, driven and/or non 
drive axles, and several sets of Wheels including (as illus 
trated in FIG. 1) multiple pairs of Wheels per axle. 
A ?rst and second hub assembly 34,36 support their 

respective set of Wheels 30,32. The hub assemblies 34,36 
each de?ne a rotational axis 37 about Which the vehicle 
Wheels 30,32 are rotated. The hub assemblies 34,36 are each 
supported by an independent suspension system (illustrated 
someWhat schematically at 38, 40) Which alloW the inde 
pendent articulation of each hub assembly 34,36. It should 
be realiZed that although a particular upper and loWer 
suspension link arm con?guration is illustrated in the dis 
closed embodiment, other independent suspension systems 
Will bene?t from the instant invention. 

The independent suspension systems 38, 40 are preferably 
mounted betWeen the second and third pro?le segments 24, 
26 at mounts 43 such that the hub assemblies 34,36 de?ne 
a ?rst axis 39 substantially transverse to the vehicle longi 
tudinal axis 25. It should be understood that the ?rst axis 39 
is de?ned herein at a particular static condition. In this static 
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condition, such as When the vehicle 10 is parked or traveling 
over level terrain, the rotational axis 37 of both hub assem 
blies 34,36 are substantially aligned along the ?rst axis 39. 
It Will be appreciated that because of the independent 
suspension systems 38,40, the rotational axis 37 of the hub 
assemblies 34,36 may be individually displaced from the 
?rst axis 39. In other Words, each hub assembly 34, 36 is 
individually articulatable. 
A ?rst hub gear box 42 is operably connected to the ?rst 

hub assembly 34 for providing torque to drive the ?rst set of 
Wheels 30. A second hub gear box 44 Which is effectively 
identical to the ?rst hub gear box 42 is operably connected 
to the second hub assembly 36 for providing torque to drive 
the second set of Wheels 32. The ?rst and second hub gear 
box 42,44 include a reduction gear set for reducing a 
rotational input such as preferably a helical gear reduction 
box. 

In one embodiment of the present invention, an input gear 
box 46 is mounted directly to the ?rst hub gear box 42 to 
provide a torque input thereto. The input gear box 46 
includes a reduction gear set for reducing a rotational input 
such as preferably a spiral/bevel gear reduction box. The 
input gear box 46 reduction gear set thus directly engages 
the ?rst gear box 42 reduction gear set. The gear sets can 
include any type of gears knoWn in the art, and can be 
con?gured for various reduction gear ratios as is knoWn in 
the art. Appropriate gear reductions depending upon the 
drive source is Well Within the knoWledge of one skilled in 
the art. The input gear box further includes a coupling 48 
extending therefrom to receive an input from a drive source 
such as vehicle engine (not shoWn). Appropriate gear reduc 
tions depending upon the drive source is Well Within the 
knoWledge of one skilled in the art. It should be further 
understood that additional drive train components may also 
bene?t from the instant invention. 

The input gear box 46 is preferably mounted offset from 
the ?rst axis 39 and from the vehicle longitudinal axis 25. In 
other Words, the input gear box 46 includes a gear set Which 
engages the ?rst hub gear box 42 offset from the rotational 
axis 37 of the ?rst hub gear box 42. The input gear box 46 
is further connected to the second hub gear box 44 through 
a drive shaft 50 such as a constant velocity joint. The input 
gear box 46 thus simultaneously drives both hub assemblies 
34,36 to provide a rotation input thereto. It should be 
understood that the coupling 48 and the drive shaft 50 
provide input over an angular envelope commensurate With 
the articulation range of the independent suspension systems 
38,40. 

Referring to FIG. 2, another embodiment of the instant 
invention is illustrated. Equivalent draWing numerals to 
equivalent structure are maintained. An input gear box 52 is 
independently mounted to the second pro?le segment 24 
Which de?nes the ?oor of the aisle 22. The input gear box 52 
is preferably mounted along the vehicle longitudinal axis 25 
offset from the ?rst axis 39. 

The input gear box 52 includes a coupling 54 extending 
therefrom to receive an input as described above. The input 
gear box 52 is connected to the ?rst and second hub gear 
boxes 42, 44 through a ?rst and second drive shaft 56,58 
such as a constant velocity joint. The input gear box 52 thus 
simultaneously drives both hub assemblies 34,36 to provide 
a rotation input thereto through the drive shafts 54, 56. 
The foregoing description is exemplary rather than 

de?ned by the limitations Within. Many modi?cations and 
variations of the present invention are possible in light of the 
above teachings. The preferred embodiments of this inven 

15 

25 

35 

40 

45 

55 

65 

4 
tion have been disclosed, hoWever, one of ordinary skill in 
the art Would recogniZe that certain modi?cations Would 
come Within the scope of this invention. It is, therefore, to 
be understood that Within the scope of the appended claims, 
the invention may be practiced otherWise than as speci?cally 
described. For that reason the folloWing claims should be 
studied to determine the true scope and content of this 
invention. 
What is claimed is: 
1. A vehicle independent suspension system comprising: 
a ?rst and a second hub assembly, said ?rst and second 

hub assembly having a rotational axis de?ning along a 
?rst axis, said ?rst axis substantially transverse to a 
vehicle longitudinal axis; 

an independent suspension system independently support 
ing each of said ?rst and second hub assemblies; 

a ?rst hub gear box operably connected to said ?rst hub 
assembly for providing torque to drive said ?rst hub 
assembly; 

a second hub gear box operably connected to said second 
hub assembly for providing torque to drive said second 
hub assembly; and 

an input gear box offset from said ?rst axis, said input gear 
box operably connected to said ?rst and second hub 
gear box for providing torque thereto. 

2. Avehicle independent suspension system as recited in 
claim 1 further including a constant velocity drive shaft 
interconnecting said input gear box and said ?rst and second 
hub gear box. 

3. Avehicle independent suspension system as recited in 
claim 2 Wherein said constant velocity drive shaft is offset 
from said ?rst axis. 

4. Avehicle independent suspension system as recited in 
claim 1 Wherein said input gear box is mounted directly to 
said ?rst hub gear box, and a constant velocity drive shaft 
interconnects said input gear box and said second hub gear 
box. 

5. Avehicle independent suspension system as recited in 
claim 4 Wherein said constant velocity drive shaft is offset 
from said ?rst axis. 

6. Avehicle independent suspension system as recited in 
claim 1 Wherein said input gear box includes a reduction 
gear set for reducing a rotational input. 

7. Avehicle independent suspension system as recited in 
claim 6 Wherein said input gear box includes a spiral/bevel 
gear reduction box. 

8. Avehicle independent suspension system as recited in 
claim 1 Wherein said ?rst and second hub gear box com 
prises a reduction gear set for reducing a rotational input 
from said input gear box. 

9. Avehicle independent suspension system as recited in 
claim 8 Wherein said ?rst and second hub gear box com 
prises a helical gear reduction box. 

10. Avehicle independent suspension system as recited in 
claim 1 Wherein said independent suspension system com 
prises a ?rst independent suspension system independently 
supporting said ?rst hub assembly; and a second indepen 
dent suspension system independently supporting said sec 
ond hub assembly. 

11. Avehicle independent suspension system as recited in 
claim 10 Wherein said ?rst independent suspension system 
mounts adjacent a ?rst pro?le segment and a second pro?le 
segment and said second independent suspension system 
mounts adjacent said second pro?le segment and a third 
pro?le segment. 

12. Avehicle independent suspension system as recited in 
claim 11 Wherein said ?rst pro?le segment and said third 
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pro?le segment are vertically offset from said second pro?le 
segment relative to said ?rst and a second hub assembly. 

13. Avehicle independent suspension system comprising: 
a ?rst and a second hub assembly, said ?rst and second 

hub assembly having a rotational axis de?ning along a 
?rst axis, said ?rst axis substantially transverse to a 
vehicle longitudinal axis; 

an independent suspension system independently support 
ing each of said ?rst and second hub assemblies; 

a ?rst hub gear box operably connected to said ?rst hub 
assembly for providing torque to drive said ?rst hub 
assembly; 

a second hub gear box operably connected to said second 
hub assembly for providing torque to drive said second 
hub assembly; 

an input gear box mourned to said ?rst hub gear box and 
offset from said ?rst axis and laterally offset from a 
vehicle longitudinal axis, said input gear box operably 
connected directly to said ?rst hub gear box for pro 
viding torque thereto; and 

a constant velocity drive shaft interconnecting said input 
gear box and said second hub gear box for providing 
torque thereto, said constant velocity drive shaft offset 
from said ?rst axis. 

14. Avehicle independent suspension system as recited in 
claim 13 Wherein said input gear box includes a spiral/bevel 
gear reduction box. 

15. Avehicle independent suspension system as recited in 
claim 13 Wherein said ?rst and second hub gear box com 
prises a helical gear reduction box. 

16. Avehicle independent suspension system as recited in 
claim 13 further including a ?oor de?ned beneath a set of 
passenger seats, said ?oor having a pro?le With at least three 
pro?le segments Wherein a ?rst pro?le segment extends 
under the seats and along a vehicle longitudinal axis for a 
?rst length and a second pro?le segment Which extends 
along said longitudinal axis for a second length adjacent to 
said ?rst axis and a third pro?le segment above a Wheel box, 
said third pro?le segment, further from said input gear box 
than said second pro?le segment, said independent suspen 
sion system attached substantially betWeen said second and 
third pro?le segment. 

17. Avehicle independent suspension system as recited in 
claim 13 Wherein said independent suspension system com 
prises a ?rst independent suspension system independently 
supporting said ?rst hub assembly; and a second indepen 
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dent suspension system independently supporting said sec 
ond hub assembly. 

18. Avehicle independent suspension system as recited in 
claim 17 Wherein said ?rst independent suspension system 
mounts adjacent a ?rst pro?le segment and a second pro?le 
segment and said second independent suspension system 
mounts adjacent said second pro?le segment and a third 
pro?le segment. 

19. Avehicle independent suspension system as recited in 
claim 18 Wherein said ?rst pro?le segment and said third 
pro?le segment are vertically offset from said second pro?le 
segment relative to said ?rst and a second hub assembly. 

20. Avehicle independent suspension system comprising: 
a ?rst and a second hub assembly, said ?rst and second 

hub assembly having a rotational axis de?ning along a 
?rst axis, said ?rst axis substantially transverse to a 
vehicle longitudinal axis; 

an independent suspension system independently support 
ing each of said ?rst and second hub assemblies; 

a ?rst hub gear box operably connected to said ?rst hub 
assembly for providing torque to drive said ?rst hub 
assembly; 

a second hub gear box operably connected to said second 
hub assembly for providing torque to drive said second 
hub assembly; 

an input gear box mounted to said ?rst hub gear box and 
offset from said ?rst axis and laterally offset from a 
vehicle longitudinal axis, said input gear box operably 
connected directly to said ?rst hub gear box for pro 
viding torque thereto; 

a constant velocity drive shaft interconnecting said input 
gear box and said second hub gear box for providing 
torque thereto, said constant velocity drive shaft offset 
from said ?rst axis; and 

a ?oor de?ned beneath a set of passenger seats, said ?oor 
having a pro?le With at least three pro?le segments 
Wherein a ?rst pro?le segment extends under the seats 
and along a vehicle longitudinal axis for a ?rst length 
and a second pro?le segment Which extends along said 
longitudinal axis for a second length adjacent to said 
?rst axis and a third pro?le segment above a Wheel box, 
said third pro?le segment further from said input gear 
box than said second pro?le segment, said independent 
suspension system attached substantially betWeen said 
second and third pro?le segment. 

* * * * * 
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